I. INTRODUCTION
Single-Flux-Quantum (SFQ) circuits have the potential of achieving extremely fast operation with a clock frequency beyond hundreds of gigahertz and very low power consumption [1] . SFQ technology uses the unique properties of superconductor such as zero electrical resistance, quantized magnetic flux and so on. We have designed and fabricated a small-scale circuit called quasione-junction SQUID (QOS) based on SFQ technology using a high temperature superconductor (HTS).
The QOS plays the role of 1 bit flash analog-to-digital converter (flash ADC) because the QOS has both a comparator function and a periodic property. An n bit flash ADC can comprise n QOSs, whereas a semiconductor one needs 2 n comparators. The fundamental operation of the QOS was described in [1] .
Bradley et al. developed a flash ADC based on QOSs fabricated using Nb superconductors [2] [3] . They succeeded in operating a 6 bit flash ADC operating at a sampling rate of 16GS/s. Even faster operation can be expected by use of HTS because Josephson junctions based on HTS have larger I c R n products than those for Nb junctions. A typical HTS junction takes 2 ps to switch in an SFQ circuit. HTS circuits, moreover, reduce the cost of cooling as compared with Nb circuits. The fabrication processes for HTS Josephson junctions called interface-engineered junctions (IEJs) have been recently well developed and they are now widely used for HTS circuits [4] - [7] .
II. QOS CIRCUIT
A QOS circuit contains a superconducting loop and several junctions as shown in Fig. 1 . We can easily judge correct operation of the QOS by measuring V clock and V out , where V clock and V out are the voltages at the Clock and Output terminals in Fig. 1 , respectively. The clock frequency f clock can be then calculated using V clock , as
where Φ 0 = 2.07 × 10 −15 Wb is the magnetic flux quantum. Circular current flows along the loop at the right part of Fig. 1 . The direction of the circular current periodically changes with the input current I in . An SFQ signal from Clock passes through the QOS in the case of counterclockwise circular current, while it escapes from the circuit in the case of clockwise circular current. The QOS output repeats the "0" and "1" states with increasing I in . As a result, the QOS has a function of 1 bit ADC.
The QOS circuit we fabricated has a multilayer structure, Au(500nm)/La-YbBaCuO(200nm)/-SrSnO(200nm)/La-YBaCuO(200nm)/SrSnO(300nm)/-La-YbaCuO(300nm)/MgO substrate, which contains three superconducting layers. IEJs are fabricated on the superconducting ground plane, which has many oxygen vias for the purpose of introducing oxygen effectively during oxygen post-annealing. The critical current I c = 350µA ± 35% at 4.2K for 100 junctions with 5µm in width. The sheet inductance was as low as 0.87 and 0.97pH at 4.2K for the base and counter electrodes, respectively. Figure 2 shows an optical microscope photograph of the QOS circuit that contains 10 junctions and is designed in 5µm rule. The detail of our fabrication process will be published elsewhere [8] .
III. RESULTS AND DISCUSSION Figure 3 shows the result of analog simulation obtained by means of WinS [9] . The output voltage V out varies periodically with the input current I in . The top and bottom voltage levels corresponds to V clock and zero, respectively. Thus the output voltage displays a 1 bit output in an ADC. There exists a region where V out = 1 2 V clock at the right edge of the "1" region. We named it "u" state in which the QOS switches every two successive clocks. Although the output from the QOS becomes uncertain in the "u" region, we have proposed ways of avoiding uncertain outputs [10] .
The electrical properties of the QOS measured at a relatively high temperature of 41K are shown in Fig. 4 . The bias current conditions were as follows: I clock = 83µA, I JT L = 219µA, I b = 98µA and I adjust = 82µA. The power consumption was estimated to be as low as 3.6µW, even assuming that a 50Ω resistor was inserted in each bias line. The figure clearly shows a periodic V out −I in curve, representing 1 bit of an ADC. The V clock is 160µV and hardly depends on I in . This indicates that the QOS operates at a clock frequency of 80GHz, which corresponds to 80GS/s in terms of the sampling rate for a flash ADC.
The regions where V out = 1 2 V clock is observed at the right edge of the "1" region as predicted in the simulation. Thus the "u" state has been proven to exist actually and correct operation of the QOS is confirmed.
The I c R n products of the junctions in the circuit were estimated to be approximately 0.56mV at 41K. The QOS operation typically requires several times of the junction switching time τ (= Φ 0 /I c R n = 3.7ps in this experiment), and so the junction characteristics probably limit the maximum clock frequency to 80GHz. Since HTS junctions with higher I c R n products have recently been developed [8] , even faster operation is expected by making most of such junctions.
IV. SUMMARY
We designed and fabricated a small-scale SFQ circuit called QOS by using an HTS multiplayer structure. We evaluated the electrical properties of the QOS and confirmed its correct operation by observing the periodic V out − I in characteristics and the "u" state as predicted by the analog simulation result. Our QOS operated at a clock frequency as high as 80GHz at 41K owing to the high I c R n products of the HTS Josephson junctions.
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